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1 .  ABSTRACT 

JPL con t rac t  LA7192 w i t h  ITT  Labora tor ies  provided for  design, 

f ab r i ca t i on ,  assembly and t e s t  support t o  JPL i n  t h e  supply o f  n i n e  Vega 

Reference U n i t s  and fou r  Laboratory Test Equipment u n i t s .  Basic p l a t f o r m  

design i s  adapted from t h a t  employed i n  t h e  Sergeant. 

Scheduled d e l i v e r y  of the  f i r s t  u n i t s  was mid-February 1960.  

Due t o  c a n c e l l a t i o n  o f  t h e  Vega program i n  December 1959,, o n l y  p a r t i a l  

complet ion of  t h e  f i r s t  p l a t f o r m  was achieved. A l l  r es idua l  mater ia l ,  

i n c l u d i n g  bo th  purchased and fab r i ca ted  items has been t r a n s f e r r e d  t o  JPL. 

Complete documentation i n  t h e  form of  vei ium drawings has heen turned over 

t o  JPL. 

T h i s  repo r t  d e t a i l s  t h e  s ta tus  o f  t h e  several  t echn ica l  areas o f  

t h e  p r o j e c t  a t  t h e  t ime  o f  cance l la t ion .  

1 
- I -  
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I i a I NTRODUCT I ON 

A. Background and Purpose 

Jet Propulsion Laboratory Contract L-47192 was negotiated with $TT 

Laboratories to provide JPL with engineering, design, fabrication, and test- 

ing support in the supply of inertial reference unitsiVRU’s) for the Vega 

Space vehicle. Specifically, lTTL was required to furnish the necessary 

personnel and facilities to fabricate, assemble, wire, and test nine inertial 

platform systems of JPL design, ITTL effort included: 

1. An evaluation of the JPL mechanical and electronic design 

including a study of tolerances, producibility, thermal characteristics, 

reliability, adequacy of associated tooling, etc, 

2 .  The establishment of bills of material and schedules for the 

release of this material for procurement and fabrication to meet the required 

delivery schedules. 

3. The release of material for procurement and fabrication as re- 

quired in the actual assembly and test of VRU equipments. 

4 .  The changing or re-drafting o f  any JPL drawings as needed and 

the provision of all other drawings deemed necessary for fabrication, pro- 

curement, inspection, assembly, wiring, and testing of equipments. 

5, The uti!izaclcn 2EC! ZcdificariGn, i f  ;;eces;;iry, sf ;;;L;tua!ly 

agreed upon fixtures, tooling, and test equipment available from JPL. 

6. The fabrication or procurement of a l l  add 

needed to accomplish the project as specified. 

Under the terms o f  the contract, JPL and ITTL 

tional equipment 

maintained extreme 

close technical liaison in order to facilitate to the greatest possible 

extent the accompiishment o f  project aims within the prescribed schedule. 

Y 

-2- 
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To t h i s  end, engineer ing meetings were he ld  a t  e i t h e r  BTTL or  JPL on a regu la r  

weekly bas is  o r  more o f t e n  as requi red. 

8. Schedule 

The procurement and t e s t i n g  o f  the< gyros and acc,elerometers was 

handled by JPL. The re lease o f  these components f o r  i n s t a l l a t i o n  i n  the  

p l a t f o r m  was arranged t o  mesh w i t h  the  ITTL f a b r i c a t i o n  and assembly schedules 

such t h a t  f i n i s h e d  u n i t s  could be de l i ve red  t o  JPL as l i s t e d  below: 

Unit No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Date 

! O  Feb 1960 
1 Mar 1960 
1 Apr 1960 
i May 196Q,._ 
1 Jun 1960a-' 
1 Jun 1960 
1 Jul 1960 
1 Jul 1960 
'i Aug 4,960 

i n  a d d i t i o n  t o  t h e  n ine  VRU u n i t s  l i s t e d  above, ITTL was requ i red  

t o  f a b r i c a t e  fou r  sets  o f  Laboratory Test Equipment, The f i  r s t  o f  these 

u n i t s  was t o  be re ta ined a t  lTPL f o r  t he  d u r a t i o n  o f  t h e  con t rac t  t o  permi t  

check-out of t h e  completed VRU systems p r i o r  t o  shipment. The second through 

f o u r t h  LTE u n i t s  were t o  be de l i vered  t o  JPL f o r  acc.eptanee t e s t i n g  and subse- 

quent system check--out. 

C. F i n a l  Stat i ls  

On December 18, !959,, the Vega p r o j e c t  was o f f i c i a l l y  cancel led.  

ITTL was d i r e c t e d  t o  complete t h e  documentation on a l l  equipment designed as 

of t h a t  da te  and t o  proceed w i t h  f a b r i c a t i o n  on several  se ts  o f  on-platform 

e l e c t m n i c  assemblies and t h e  a n c i l l a r y  e l e c t r o n i c  modules then i n  process, 

Any s u b s t a n t i a l  purchase orders outs tanding we,re t o  be cancel led and a l l  

t o  JPL. 
3- 
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I n  accordance w i t h  i ns t ruc t i ons ,  YYTL reduced e f f o r % .  The requi red 

on-lplatform and a n c i l l a r y  e l e c t r o n i c  assemblies were de l i ve red  t o  5PL on 

February 5, ! 9 6 0 .  

On February 15, 1960, approximate 

represent ing the  then a c t i v e  drawings OQ f i  

JPL. Dur ing  t h i s  per iod  

i nc lud ing  spec ia l  t o o l i n g  

'y two hundred vel  lum drawings, 

e a t  STTL, were t r a n s f e r r e d  t o  

oan rnateri a1 

gyros, accelero- 

TTL a l s o  returned t o  JPL a l l  on- 

j i g s ,  f i x t u r e ? ,  t e s t  equipment, 

meters, and a Sergeant p l a t f o r m  model. 

The res idua l  inventory ,  represent ing a l l  ma te r ia l  purchased by 

ITTL f o r  use on the  p r o j e c t ,  was packed i n  some four  hundred car tons and 

shipped t o  JPL on A p r i l  21, 1960. The est imated va!ue o f  t h i s  t r a n s f e r r e d  

ma te r ia l  i s  o f  t h e  order  o f  $70,000, 

The f o l l o w i n g  sec t i on  o f  t h i s  repor t  descr ibe s p e c i f i c a l l y  t h e  VRU 

e lec t ron i cs ,  t he  Laboratory Test Equipment, and the tnechanical engineer ing 

work performed. 

inc luded he re in  by reference, but not at tached as p a r t  o f  t h i s  

repor t  f o r  reasons o f  p r a c t i c a !  i t y ,  are the  th i r t y - two  weekly techpica1 

meeting repo r t s  and a l l  drawings prepared in t he  course o f  t h e  p r o j e c t .  

Copies o f  these documents a re  current1 y i n  J P L s s  possession. 
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I I I SYSTEM AND EQUl PMENT DESCRl PTB ON 

A .  Pla t fo rm E lec t ron i cs  

The Vega p l a t f o r m  

a m p l i f i e r s  mounted on the  p 

a r e  t o  process t h e  i n e r t i a l  

These amp 1 i f i e rs  cons i s t  o f  

des ign incorporates th ree  

a t fo rm i t s e l f ,  The func t  

sensor s ignals  and t o  con 

gyro pre-ampl i f  i e r s  t o  r a  

types of e l e c t r o n i c  

ons o f  these amp1 i f i e r s  

r o l  gyro temperatures. 

se the  gyro s igna ls  

above l e v e l s  of  no ise  t h a t  a r e  encountered i n  t r a n s f e r r i n g  t h e  i n fo rma t ion  

o f f  t he  p l a t f o r m  f o r  f u r t h e r  processing, Accelerometer amp1 i f i e r s  and demodu- 

l a t o r s  a re  mounted on t h e  p l a t f o r m  f o r  t he  same reason. The gyro heater  

a m p l i f i e r s  a re  a l s o  plat fornwnounted s ince  t h e  a m p l i f i e r  inputs  and outputs  

a r e  associated o n l y  w i t h  t h e  gyros themselves. 

It &hould be noted t h a t  the gyro  heater  amp l i f i e rs ,  or a t  l e a s t  a 

subs tan t i a l  p o r t i o n  o f  these ampl i f iers,  could be located remotely i f  on- 

p l a t f o r m  space were not ava i lab le ,  The pena l t y  f o r  remote l o c a t i o n  { i n  t h e  

enci  1 l a r y  package) would be s i x  add i t io r la l  w i res  necessary i n  t h e  f l e x  lead 

cabies o f  t h e  p la t fo rm.  

Per t i nen t  features of t h e  th ree  a m p l i f i e r  types a re  contained i n  

the  f o l l o w i n g  discussion, 

1 .  Gyro Pre-arnp l i f ie r  

The gyro p r e - a m p l i f i e r  c i r c u i t  i s  shohn i n  Drawing 3’162262,  Th is  

a m p l i f i e r  was o r i g i n a l l y  designed fo r  400 c y c l e  operacion, and, when t h e  

gyro  s i g n a l  frequency was ra ised t o  4200 cyc les ,  t h e  o n l y  m o d i f i c a t i o n  made 

was t o  change capac i to r  C 7 i  from 500 t o  100 ppf.  This  was a necessary s tep 

t o  p rov ide  adequate open loop ga in  a t  t h e  h igher  opera t ing  frequency, 

-5- 
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lit should be po in ted  out t ha t  both C72 and e73 could be reduced by 

a f a c t o r  o f  10 a t  t h e  4200 cyc le  frequency, 

system as t h e  des ign had proceeded past t h e  p o i n t  where these changes could 

have been accomplished w i thout  a f f e c t i n g  schedule. 

Th is  was not done on t h e  Vega 

2. 

The gy ro  heater  a m p l i f i e r  schematic i s  shown i n  Drawing 3:62285. 

Gyro Heater Amp1 i f i  e r  

0 
I n  o rder  t o  ho ld  the  gyro temperature t o  w i t h i n  9 0.5 , i t  became necessary 

t o  e l i m i n a t e  t h e  e f f e c t  of supply vo l tage v a r i a t i o n s  on the  input  d i f f e r e w  

t i a l  a m p l i f i e r .  I t  was found t h a t  the  common mode r e j e c t i o n  o f  power supply 

f !uctuatlons en t h ! ~  amplifier WEIS nnt adequate to hold the  temperature t o  

t h e  requ i red  to lerances so t h a t  a mod i f i ca t i on  o f  t h i s  a m p l i f i e r  was required. 

inc reas ing  t h e  common mode r e j e c t i o n  was not a convenient f i x  on 

t h i s  u n i t  so t h e  s o l u t i o n  chosen was a compensation system. 

t h i s  mod i f ied  c i r c u i t  w i l l  be found i n  Appendix I .  

The ana lys i s  of  

3. Accelerometer A m D l  i f i e r  
~ 

The accelerometer a m p l i f i e r  used i s  a push-pu l l  c o n f i g u r a t i o n  for  

t h e  e n t i r e  a m p l i f i e r .  Th i s  con f igu ra t i on  was used t o  minimize p ickup sigrzals. 

High temperature opera t ion  of  t h i s  a m p l i f i e r  induced spur ious 

- - - : I I - & : - -  : -  the  c , , A c I - . ~ . I ,  innr. > r n s l r . r l  t R c l  f i rs :  E$:Q C ~ ~ R P C  i n  ~ ~ r n p  t jn i t_s ,  
W ~ L I  I i a L i w r a  I I I  I c . r " Y u ~ . I \  *""V "*"-..,-. -..- - "3" 
This  was e l im ina ted  by changing the feedback r e s i s t o r s  R146 and R:47 from 

390K t o  5lOK (Drawing 3162283) .  

I n  o rder  t o  reduce the  zero o f f s e t  of t h e  phase d e t e c t o r  output,  

t h e  d e t e c t i o n  diodes were matched i n  se ts  o f  four  t o  w i t h i n  10 mv. a t  two 

temperatures, +20° and +82O 6 .  The matched se ts  were used on each b r idge  

and pos i t i oned  i n  the  b r idge  con f igu ra t i on  t o  minimize the  residua; unbcl;ariie. 

-7- 
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B o  Anci 1 l a r y  E lec t ron i cs  

The a n c i l l a r y  e l e c t r o n i c s  package conta ins  t h e  balance o f  t h e  

e l e c t r o n i c s  necessary for opera t ion  o f  the p la r fo rm,  Th is  i x l d e s  t h e  

p l a t f o r m  s t a b i l i z a t i o n  system :demodulators, lead a m p l i f i e r s ,  vodu la to rs  

and power a m p l i f i e r s ) ,  LEO a m p l i f i e r s ,  power arld s i g q a l  w i t c h i n g  c i r c u i t s ,  

and spec ia l  moni tor ing c i r c u i t s .  

Although no complete system was assembled and tes ted  a t  t h e  t ime  

o f  cance l l a t i on ,  a d e s c r i p t i o n  o f  t h e  p a r t s  comprisir?g t h e  a n c i l l a r y  box w i l l  

be made t o  descr ibe t h e  mode o f  operation. 

i o  Lex! ~Compsnsation Ampl i f  - 

The lead compensation amp l i f  

t he  ou tpu t  o f  the  gyro  pre-ampl i f i e r s  

demodulated i n  a phase de tec to r  and f i  

sequent ia l  opera t iona l  type  a m p l i f i e r s  

two operat  i ona 1 amp 1 i f i e rs  p rov ide  f o r  

e r  

e r  shown i n  Drawing 3162605 receives 

ocated on t h e  p la t fo rm.  The s i g n a l  i s  

t e r  system and then processed by t w o  

- 

The RC networks associated w i t h  the  

dynamic damping and opera t iona l  res- 

ponse requirements o f  t h e  s t a b l e  p l a t f o r m  systemn, The second opera t i ona l  

a m p l i f i e r  a l s o  conta ins  a non-linear DC feedback 9etwork t o  compensate for t h e  

e f f e c t  o f  c o n t r o l l i n g  power t o  both phases o f  each gimbal torquer.  

Some p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  opera t i ona l  a m p l i f i e r s  has 

i nd i ca ted  t h a t  t h e  d i f f e r e n t i a l  inpur: stage t r a n s i s t o r s  shvuli be 2?!3.?3 

i ns tead o f  t h e  cu r ren t  2N336 type. T h i s  change w i l l  reduce t h e  DC o f f s e t  t o  

meet t h e  150 mv outpu t  o f f s e t  which has been s p e c i f i e d  fo r  t h i s  a m p l i f i e r .  

2.  Modulator 

The ou tpu t  o f  t h e  lead compensation a m p l i f i e r  d r i v e s  a dual modu- 

l a t o r  system shown i n  Drawing 3'162606. The ou tpu ts  o f  t h e  t w o  modulators a r e  

-1 0- 
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quadrature phase 400 cps s i g n a l s  which prov ide  two 

torquer.  One modulator provides for  phase reversa 

t o  the  p o l a r i t y  o f  the  input,  w h i l e  the  o t h e r  modu 

tude v a r i a t i o n  for t h e  input  s igna l .  Thus the  t w o  

t u t e  t h e  

(D raw i ng 

t o  t h e  g 

to rquer  e 

power i s  

phase power t o  a gimbal 

o f  i t s  output, r e l a t e d  

a t o r  provides o n l y  amp1 

modulator ou tpu ts  eonst 

s igna ls  necessary t o  d r i v e  a two phase torquer.  

3. Gimbal Torquer A m p l i f i e r  

The output o f  each modulator d r i v e s  a gimbal to rquer  a m p l i f i e r  

3 7 6 2 6 0 7 ) .  

This  a m p l i f i e r  p rov ides  a power system t o  f u r n i s h  400 c y c l e  power 

mbal to rquer  winding. Two such a m p l i f i e r s  a re  used fo r  each gimba 

Thus, when no d r i v e  i s  requ i red  on t h e  torquer,  t h e  reference phase 

removed, min imiz ing p l a t f o r m  heat ing.  The square law to rquer  

c h a r a c t e r i s t i c s  o f  t h i s  t ype  o f  d r i v e  system a r e  compensated for  by  the  now 

l i n e a r  a m p l i f i c a t i o n  achieved by t he  lead c.ompensation a m p l i f i e r  discussed 
I 

prev ious l y .  

I t  should be noted t h a t  s i x  gimbal t o rquer  a m p l i f i e r s  a re  used i n  

t h e  system, two f o r  each axis, and th ree  each a r e  requ i red  for  t h e  lead GOIT+ 

pensat ion and modulator c i r c u i t s .  

4. LEO A m p l i f i e r s  

The leve l ing ,  e rec t ion ,  and o r i e n t a t i o n  (LEO) a m p l i f i e r s  used i n  

These a m p l i f i e r s  a r e  e s s e n t i a l l y  t h e  system a r e  shown i n  Drawing 3!62615, 

power a m p l i f i e r s  t o  p rov ide  p a t t e r n  s igna ls  t o  t h e  gyros for  p l a t f o r m  or ien- 

t a t i o n .  The inputs  a r e  der ived  from opera t ioqa l  a m p l i f i e r s  not a p a r t  o f  t h e  

p l a t f o r m  system, except t h a t  t h e  inputs  a r e  der ived  from che accelerometer 

s igna ls .  The opera t iona i  a m p j l f i e r s  p rov ide  for  t h e  coarse and f i n e  cage 

-1 3- 



mode s igna ls ,  and the  LEO a m p l i f i e r  descr ibed here, prov ides power a m p l i f i c a -  

t i o n  o f  these s ignals .  Th is  LEO a m p l i f i e r  i s  chopper s t a b i l i z e d  so t h a t  i t  may 

be poss ib le  t o  use i t  alone f o r  both coarse and f i n e  cage b y  i nco rpo ra t i ng  

t h e  swi tch ing  o f  t he  i n t e g r a t i n g  capac i to r  and t h e  c.orresponding i npu t  s igna ls  

from t h e  accelerometers i n t o  t h i s  system. 

5.  Pla t fo rm Contro l  System 

The stepping switches to t u r n  on and o r i e n t  t h e  p l a t f o r m  system a re  

located i n  the  a n c i l l a r y  package. The t w o  stepping switches requi red f o r  t h i s  

opera t ion  inc lude one f o r  power and one f o r  s igna l  switching. A schematic o f  

the  basic swi tch inq  system i s  shown i n  Drawing 3162562, 

6. Other Equipment i n  Anci 1 l a r y  Package 

Add i t i ona l  equipment requi red i n  the  a n c i l l a r y  package i s  inc luded 

i n  the  f o l l o w i n g  l i s t :  

a. lnductosyn s igna l  a m p l i f i e r  - Drawing 3162556 

b, Gyro heat mon i to r  c i r c u i t  (Transformer Assembly - T262) - 
D rawi ng 3 162287 

c o  Accelerometer a m p l i f i e r  f i l t e r  capaci tors .  

C. Mechanical 

A t  t he  t ime of te rm ina t ion  o f  t h e  Contract, t h e  mechanical p o r t i o n s  

had reached the f o l l ow ing  degrees ot compietia:: zechsnical engineering - 65%j  

design and d r a f t i n g  - 85$, shop f a b r i c a t i o n  - ~ 3 % ~  assembly - ZO$, test - 5$, 
t o o l i n g  program - 80$, p lann ing  and schedu!ing - 95%! and purchasing - 

Th is  p r o j e c t  was launched w i t h  the  supply, by JPL,? o f  Sergeant 

drawings and pro to type model 

Among the  major mi lestones o f  accomplishment i n  t h i s  program a re  the  

i terns enumerated and d i scussed below. 
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1, JPL furnished d e t a i l  drawings o f  inner  element cast ing,  inner 

gimbal, and ou te r  frame cast ings.  

ITTL began ac t  i ve design pa r t  i c i  pat  i o n  wi t h  cons t ruc t i on  o f  a wooden 

model o f  t he  inner  element cast ing.  Th is  model included add i t i ons  t o  t h e  cast- 

i ng  f o r  mounting t h e  var ious p l a t f o r m  e l e c t r o n i c  un i t s ,  Th is  f i r s t  model a l s o  

included a des ign change i n  t h a t  t w o  gyros were moved t o  a l l o w  b e t t e r  use o f  

the  space f o r  e lec t ron i cs .  

A f t e r  t h i s  wooden model was del ivered,  we made wood b locks s imu la t i ng  

t e n t a t i v e  e l e c t r o n i c  packages, and const ructed a f i x t u r e  for suppor t ing  t h e  

inner  eiement t o  demonstrate mechanical c learance of  t h e  assembled u n i t .  

Changes were made t o  the  d e t a i l e d  JPL furn ished drawing, and JPL proceeded 

w i t h  p a t t e r n  making and foundry work t o  o b t a i n  these cast ings,  

JPL de l i ve red  cas t ings  o f  the  Sergeant gimbals app l i cab le  t o  VF#J, 

and ITTL proceeded w i t h  f a b r i c a t  ion o f  these gimbals for the  pro to type models. 

l T T i  f ab r i ca ted  the  f i r s t  inner element cas t i ng  f o r  use as a f i x t u r e  

i n  which t o  t e s t  the p l a t f o r m  e lec t ron i cs  f o r  type  approval acceptance a t  JPL 

t e s t  f a c i  1 i t y .  

2. Designed sheet rlletal chassis f o r  mounring p l a t f o r m  e l e c t r o u i c  

assemblies. Th is  des ign represented a depar ture from normal des ign of SPL 

m i s s i l e  e l e c t r o n i c  u n i t s  as represented b y  Sergeant equipment, Sample models 

of  these chassis were const ructed and assembled i n t o  a p ro to type equipment. 

Th i s  equipment was tes ted  by JPL, and no f a i l u r e s  were experienced in t he  type 

approval  v i b r a t i o n  tes ts .  

3. Fabr icated pro to type spindles,  bear ing housings, f l e x  lead sh ie lds ,  

SRC! other  bmaii p a r t s  to r  JPL t o  use i n  t h e i r  !ab model. 
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4 .  Designed and 

inner  element. Complete d 

outs  and t h e i  r assembl i es 

uses epoxy-glass component 

d e t a i l e d  the e l e c t r o n i c  u n i t s  t o  be mourted 

awings were made o f  t h e  var ious c i  r c u i  t boa 

n t o  the  sheet metal chassis. Bas ica l l y ,  t h  

boards cemented i n t o  p lace  on t h e  chassis. 

i n  the  

d lay- 

s design 

5 .  Conducted experiments i n  the  area o f  boncing t h e  e l e c t r o n i c  COT 

ponents i n  place. Many d i f f e r e n t  types o f  bonding ma te r ia l s  were t r i e d  and 

f i n a l  r e s u l t s  i nd i ca ted  success could be expected i n  ho ld ing  t h e  e l e c t r o n i c s  

w i t h  a very  minimum o f  bonding mater ia l .  

at tached as Appendix I I I 

Sample process s p e c i f i c a t i o n s  a r e  

6. Conducted extens ive i n v e s t i g a t i o n  i n t o  t h e  problem of des ign 

i n  t h e  sp ind le  a x i s  areas and the  a p p l i c a t i o n  o f  flex-leads a t  t he  var ious 

axes. Most o f  the majbr problems i n  these areas stemmed from potentiometers, 

resolvers,  spindles,  bearings, and other  items present ing  space r e s t r i c t i o n s  

t h a t  made proper f lex- lead des ign c r i t i c a l  and d i f f i c u l t ,  Several models 

were cons t ruc ted  t o  demonstrate t h e  f e a s i b i l i t y  o f  t e n t a t i v e  f lex- lead 

des i gns 

7 .  The s e l e c t i o n  and a p p l i c a t i o n  o f  the gimbal b a l l  bear ings in- 

volved lengthy ana lys is  o f  t h e  fundamentals o f  b a l l  bear ings and mechanical 

s t r u c t u r e s  t o  support them. High contact -angle bear ings were chosen which 

r ~ s ~ l t e d  i : :  Z S ~ C  S Z P I R ~ Z R C  r ~ q ~ i  ~ C ~ G E R Z S  G: i ~ c h ~ n i c a :  t ~ : e r ~ f i i e s  ti i-1; C i c S e r  

ana lys i s  o f  thermal expansion problems i n  t h e  equipment. ITTL conducted a 

t h e o r e t i c a l  i n v e s t i g a t i o n  i n t o  the  geometry o f  b a l l  bearings, This produced 

a repor t ,  a copy o f  which i s  artached as Apbendix I V. 

8. Oesigned and fab r i ca ted  a model o f  t h e  w i r i n g  o f  t h e  inner  

element 
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9 .  Made assembly layouts. These layouts located torquers,  estab- 

l i shed  clearances, and provided informat ion from which stops for  gimbal 

t r a v e l  could be located, These design layouts  a l s o  provided I n f o r m a t i o n  
I 

showing t h e  necess i t y  o f  ra the r  extensive changes i n  dimensioning and t o l e r -  

ancing o f  t h e  gimbal c a s t i n g  drawings, 

1 0 ,  Designed t h e  o u t e r  cover and added designs t o  t h e  lower base 

t o  i nc lude  t h e  a p p l i c a t i o n  o f  RF shielding, cab le  connectors, inductosyns 

mounting, blower mounting, a new blower duct assembly, cover mounting clamp, 

and mechanical mounting o f  t h e  VRU i n  t h e  m i s s i l e .  The clamp se lec ted  i s  

t h e  Marman type. Th is  type  clamp provides even contac t  pressure w i t h  conse- 

quent improvement i n  RF sh ie ld ing .  A s  a r e s u l t  o f  t e s t s  conducted a t  JPL, 

t h e  blower housing was fbynd t o  be inadequate and t h e  necess i ty  o f  a rec i rcu-  

l a t i n g  duct was ind ica ted ,  ITTL designed and b u i l t  a model o f  such a duct 

which resu l ted  i n  improvement o f  t h e  d i s t r i b u t i o n  of a i r  w i t h i n  t h e  u n i t .  

D. Laboratory Test Equipment 

The Laboratory Test Equipment se ts  were designed t o  supply a l l  o f  

t h e  i npu t  power which t h e  VRU normal ly de r i ves  f r o m  t h e  v e h i c l e  and t o  

p r o v i d e  a convenient and accurate means for  ope ra t i ng  VRU equipments and 

checking performance. To s a t i s f y  t h i s  end, each LTE u n i t  was comprised 

o f  t h e  f o l l o w i n g  equipmentsc 

Power Sources - 

9 150 v o l t s  
- 150 Vo l t s  
+ 65 v o l t s  
- '65 v o l t s  
4- 18 v o l t s  
- 18 v o l t s  
400 cps, 2@, 110 V 

400 cps, 3@., 2 8  v 
4200 c.ps supply 
8400 cps supply 

380 cps supply 
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Contro l  and Meter ing Panels - 
Ground Contro l  U n i t  
Giqbal Angle Mon i to r ing  U n i t  
Gyro Signal  Panel 
Gyro Torquer Panel 
Gimbal Torques Panel 

Design o f  each LTE u n i t  provided f o r  mounting t h e  l i s t e d  equipments 

i n  a s i n g l e  r e l a y  rack cabinet ,  To insure  thermal i s o l a t i o n  f o r  t h e  more 

s e n s i t i v e  measuring equipments, t h e  rack cabinet  was designed as two separate 

compartments so t h a t  t he  h igh  wattage power suppl ies would have t h e i r  heat 

load removed independently o f  the coo l ing  f o r  the meter ing pane!s. 

t i o n  o f  t he  four LTE u n i t s  was as shown. 

LTE Uni t No, 

Des i gn 90% 90% 90% 90% 

Parts Purchased 75% 75% ?5% 65% 

Construct ion 50% 50% 40% 30% 
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APPEND 

GYRO HEATER AMPLIF 

X I  

ER COMPENSAT 1 ON 

The gyro  heater a m p l i f i e r  c i r c u i t  t h a t  was designed f o r  use on t h e  

Sergeant was found t o  be inadequate t o  ho ld  the  gyro  heater temperature t o  

w i t h i n  2 0.5 Based on s t a t i c  ope ra t i on  

c h a r a c t e r i s t i c s  of t h i s  heat c o n t r o l  system, t h e  common mode r e j e c t i o n  of t h e  

i npu t  a m p l i f i e r  was found incapable o f  reducing the  e f f e c t  o f  supply vo l tage  

v a r i a t i o n s  on t h e  opera t i ng  p o i n t  of t h e  a m p l i f i e r .  

p o i n t s  up t h e  reason for  t h i s  problem and descr ibes the  des ign change t h a t  

was made to  r-aduce t h i s  e f f e c t .  

0 w i t h  supply vo l tage f l uc tua t i ons .  

The f o l l o w i n g  ana lys i s  

F igu re  I(a) shows t h e  o r i g i n a l  i npu t  stages of t h e  gyro heater ampli- 

f i e r .  For t h e  s t a t i c  ana lys i s  i t  s h a l l  be assumed t h a t  t h e  gyro  opera t i ng  

temperature w i l l  be equal t o  t h e  temperature a t  which t h e  b r i d g e  inpu t  c i r c u i t  

i s  balanced, w i t h  nominal supply vo l tage ( 2 8  v o l t s ) .  

For balance cond i t ions ,  the base p o t e n t i a l  o f  t h e  i npu t  d i f f e r e n t i a l  

amp1 i f i e r  i s :  

Equat ion ( 1 )  
'b Ra + -  E, 

EB P - 
2 2 

The emi t t e r  p o t e n t i a l  w i  1 1  be: 

The sum o f  t he  e m i t t e r  cu r ren ts  w i l l  be 

which upon s u b s t i t u t i o n  becomes, 

I, Ra Eeb 
1 1  = - - - - -  rn', *R 1 R, (4 1 
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Under balanced condi t ions,  t h e  output vo tage o f  t h e  d i f f e r e n t i a l  amp i f i e r  

can be descr ibed as 

[Es- 1, Ra - 2E eb 1 
i f  t h e  succeeding stage i s  not conducting. The t r a n s i t i o n  reg ion  o f  conduct ion 

f o r  t h e  next stage de f ines  t h e  p o i n t  a t  which heat w i l l  be app l ied  t o  t h e  gyro, 

so t h a t  a balance c o n d i t i o n  requ i res  tha t  E, 5.7 v o l t s .  

I f  we assume t h a t  t he  emitter-base p o t e n t i a l  (Eeb) and base c u r r e n t  

(I,) a r e  small terms and a r e  r e l a t i v e l y  unaf fec ted  by supply voltage, equat ion 

( 5 )  can be w r i t t e n  as: 

R2 

4 R ~  
ES i s j ’  E, - 

and. 

Eva lua t ing  equations (5)’  and ( 6 )  for  a balanced cond i t ion ,  

3Qk 
~ ~ .. 

Ex = 28 v = 5.35 volts, 
4 ( 5 1 k )  

Equation (7) shows t h a t  fo r  a balanced inpu t  cond i t ion ,  t h e  ampli- 

f i e r  i s  near t h e  conduct ion p o i n t  of the second stage and, therefore,  q u i t e  

s a t i s f a c t o r y .  However, equat ion ( 6 )  i nd i ca tes  t h a t  Ex  i s  a f u n c t i o n  o f  E-, - 
X 39k aE 

- I  = 0 . i 9  8% 4 ( 5 7 k )  
(8) 

I n  o r d e r  t o  overcome t h i s  o f f s e t  due to supply vo l tage f l uc tua t i ons ,  t h e  

b r i d g e  w i l l  unbalance by  t h e  change i n  E,, reduced by the  ga in  o f  t h e  

d i f f e r e n t i a l  a m p l i f i e r .  Thus, an input s igna l  from t h e  b r i d g e  ( E i n )  w i l l  be: 

( 9 )  
0.19 

AEin = - AEs A ,, 

3 



For A = 50 ( d i f f e r e n t i a l  a m p l i f i e r  gain),  

''in 0.19 
- =  - = .0038 

D E S  50 
(10)  

Equation (10 )  i nd i ca tes  t h a t  for each v o l t  change i n  supply voltage, t h e  

d i f f e r e n t i a l  b r i dge  input  must change by  3.8 m i l l i v o l t s  t o  ma in ta in  t h e  

a m p l i f i e r  i n  i t s  a c t i v e  region. 

The i n p u t  vo l tage  s igna l  t o  t h e  a m p l i f i e r  i s  approximately 9 m i l l i -  

v o l t s  pe r  ohm change i n  t h e  sensing r e s i s t o r .  

there fore ,  r e q u i r e  a change: 

The sensing r e s i s t o r  would, 

3.8 
= .42 AEe, 

Y c, 
( 1 1 )  AR = - AE 

-1 

or  0.42 ohms change per  v o l t  v a r i a t i o n  i n  supply. T h i s  agrees w e l l  w i t h  the  

0 33 ohms change per v o l t  o f  power supply v a r i a t i o n  t h a t  was measured on t h e  

c i r c u i t .  

F igu re  i ( b )  shows t h e  c i r c u i t  m o d i f i c a t i o n  t h a t  was made on t h e  Vega 

system t o  compensate for  t h i s  gyro  heater d r i f t .  The e m i t t e r  cu r ren t  source 

was mod i f ied  so t h a t  under balanced cond i t i ons  

which reduces, f r o m  equat ion ( 2 ) ,  t o  

- i n i s  removes t h e  dependence o f  t h e  sum o f  e m i t t e r  cu r ren ts  

t i o n s  of supply vo l tage  ( *Es)  and re la tes  i t  o n l y  t o  v a r i a t  

re fe rence  p o t e n t i a l  (ER] and t r a n s i s t o r  ope ra t i ng  p o t e n t i a  

from d i r e c t  var ia-  

ons o f  t h e  zener 

va r  i a t  ions a 
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APPENDIX IE 

EPOXY RESISTIVITY TEST 

I 

PROBLEM : 

To determine t h e  r e s i s t i v i t y  of glass melamine component boards 

t rea ted  w i t h  t h e  Jones-Dabney epoxy coat ing  descr ibed i n  Sec t ion  F, Appendix 1 1 1 .  

1 )  For exposure t o  normal ambient temperature and humid i t y  

2) A f t e r  soaking i n  water for  a 24 hour per iod .  

PROCEDURE: 

The :esl;tance of  t h e  rpecliiien was d i r e c t l y  measured w i t n  a Freed 

Transformer Megohmmeter. The specimen was a 1/16" t h i c k  f i b e r g l a s s  board 

( i d e n t i c a l  t o  t h e  m a t e r i a l  used f o r  the e l e c t r o n i c  assemblies) coated on one 

s i d e  wi th  t h e  epoxy coa t ing  t h a t  averaged e O 1 l r l  t h i c k .  The sample was sand- 

wiched between aluminum f o i l  w i t h  care g iven to i nsu re  contac t  w i t h  t h e  

e lec t rodes  over  t h e  e n t i r e  area (30.25 in . )  o f  t h e  sample. 
2 

As the experiment con t ro l ,  a number of res i s tance  readings were 

made t o  determine t h e  r e s i s t i v i t y  o f  the uncoated f i b e r g l a s s  board. The 

second t e s t  cons is ted  o f  measuring the res is tance o f  t h e  epoxy-coated board 

and computing t h e  r e s i s t i v i t y  o f  t h e  epoxy. For t h e  t h i r d  t e s t ,  t he  coated 

specimen was immersed i n  a va t  o f  water f o r  24 hours and then i t s  res is tance 

was measured 

RESULTS : 

Resistance o f  the  glass melamine board alone [RE) LJas measured t o  

5 5 
be 1 x 10 2 .2 x 10 megohms. The r e s i s t i v i t y  o f  t h e  board (pB)  i s  then 

g i ven  b y  

, 

1 
L 
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The res i s tance  o f  epoxy 

The r e s i s t i v i t y  o f  t h e  epoxy coat 

(%- R R )  A 

5 
covered board (9) measured 20 x 10 megohms, 

ng !pe) i s  then g iven by 

- 19 x 1011 x 5.52 x 2.54 16  
E = 1.3 x 10 ohm-cm Pe = l e  .01-! 

The res i s tance  o f  t h e  coated board a f t e r  24 hour immersion i n  dis- 

meg-ohms, from which t h e  r e s i s t i v i t y ,  pw, i s  5 
t i l l e d  water measured 1 x 10 

1 x IO1' x 5,5' x 2.54 13 
c a l c u l a t e d  to be - 9.9 x 10 ohm-cm. T h i s  value 

e 077 

corresponds w e l l  w i t h  t h e  c h a r a c t e r i s t i c s  o f  t h e  d r y  component board and 

ind i ca tes  t h a t  no leakage res is tance d i f f i c u l t i e s  should a r i s e  from t h e  use 

o f  t h i s  epoxy on t h e  e l e c t r o n i c  component mounting boards. 

6 



APPENDIX 1 I I 

A. PROCESS FOR CEMENTING WITH THERMOSETTING R E S I N  (EPOM) 

1. Purpose 

The purpose of t h i s  Standard Process S p e c i f i c a t i o n  i s  t o  set  f o r t h  

methods by which several  organic  and inorganic  m a t e r i a l s  may be cemented w i t h  

one type o f  thermosett ing r e s i n  adhesive. I 

2. Apparatus and Mater ia ls  

a. Epon Adhesive 6, obtained from: Shel l  Chemical Corporat ion 

b, Ethylene Diamine Los Angeles 17, C a l i f o r n i a  
1008 W .  64th St ree t  

c. Epon Curing Agent A, obtained from: Same as above I 

3. General 

a. Quant i t y :  Care should be taken t o  mix o n l y  enough adhesive and 

c u r i n g  agent f o r  four  hours use a t  room temperature s ince t h i s  i s  t h e  extent  

of the m i x t u r e  

mixed m a t e r i a l  

b. Po 

s usefu l  1 i f e .  For best resu l ts ,  

be kept i n  a covered vessel. 

yethylene and f l u o r i n a t e d  thermop 

s u c c e s s f u l l y  bonded w i t h  Epon 6. 

i t  i s  recommended t h a t  the 

a s t i c  polymers cannot be 

c. More cons is ten t  r e s u l t s  w i l l  be achieved i n  c u r i n g  by the use o f  

Ethy?ene Diamine. Curing Agent A as supplied by She!? Chemice! Cornnratlcm i”’ ’.. 

may be used as an a l t e r n a t e .  

4. Procedure 

a. Preparat ion o f  Surfaces 

1 )  Metals: A l l  surfaces -3 be bonded mus be c lean and f ree  from 

grease. 

prcvided no oil  or grease i s  present.  

may be used t o  remove such contaminations. 

Freshly  machined and sanded surfaces are  sa t is fac to ry ,  

Only aromatic type so lvents  
~ 
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Special Chemical surface prepara t ions  such as etching, p i c k l i n g ,  

e tc .  may g i v e  b e t t e r  bond s t rengths  than those obtained w i t h  

mechanica l ly  prepared surfaces;. The fo l l ow ing  treatment i s  smg- 

gested f o r  aluminum. 

a )  

b) 

Degrease w i t h  so lvent  and dry. 

Clean the sur face  w i t h  a chromic a c i d  s o l u t i o n  by immersion 

a t  150° - 170 The s o l u t i o n  i s  

prepared as f o l  lows: 

By weight: 

0 F. f o r  f i v e  t o  ten minutes. 

10 p a r t s  Sodium Dichromate 

p a r t s  96% S u l f u r i c  Acid 

p a r t s  D i s t  i 1 l e d  water 

most o f  the water, add s u l f u r i c  

l y ,  then, add the  remaining water. 

w i t h  water and a i r  dry, o r  d r y  w i t h  

D i ssol ve 

a c i d  whi 

50 

340 

the  dichromate i n  

e s t i r r i n g  ca re fu  

c )  Rinse the metal thoroughly 

a i r  b l a s t .  

d)  The f o l l o w i n g  treatment i s  f o r  e tch ing  copper and copper 

alloys p r i o r  to a p p l i c a t i o n  o f  cement: 

Immerse f o r  one to  two minutes a t  room temperature i n  the 

f o l l o w i n g  s o l u t i o n :  42% F e r r i c  Ch lor ide  So lu t i on  15 cc. 

Concentrated N i t r i c  Acid 30 cc. 

D i s t i  i ied  tiater 230 cc. 

Thoroughly r i n s e  i n  water, a i r  dry, o r  d r y  w i t h  a i r  b l a s t .  

2) P l a s t i c s :  A l l  surfaces t o  be bonded must be f r e e  from o i l ,  

grease, e tc .  

p l a s t i c  should be removed by solvent,  sanding, o r  bu f f ing .  

3 )  Wood: A f r e s h l y  sanded sur face  on wood i s  requ i red  f o r  maximum 

Any release agent remaining on the surface a t  t he  

hnnd strength: 
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4) Rubber: Surface e tch ing  o f  rubber i s  des i rab le  t o  p rov ide  maxi- 

mum bond s t rength .  

obta ined by using one o f  the f o l l o w i n g  o v o l i z i n g  techniques. 

A s a t i s f a c t o r y  bonding surface may be 

Immerse the rubber i n  concentrated s u l f u r i c  a c i d  ( s p e c i f i c  

g r a v i t y  1.84) for  f i v e  t o  ten minutes f o r  na tu ra l  rubber o r  

ten t o  f i f t e e n  minutes f o r  syn the t i c  rubber. A f t e r  washing 

thoroughly w i t h  water and drying, the b r i t t l e  sur face  o f  the 

rubber should be broken by f l e x i n g  so t h a t  a f i n e l y  cracked 

surface i s  produced. 

Coat the surface t o  be bonded w i t h  a paste o f  Barium S u l f a t e  

and s u l f u r i c  ac id  i n  a consis tency which w i l l  n o t  run, and 

a l l o w  t o  stand f o r  30 minutes t o  2 hours depending on type 

and hardness o f  the rubber. A f t e r  washing thoroughly  w i t h  

water and drying, the b r i t t l e  surface o f  the rubber should 

be broken by f l e x i n g  so t h a t  a f i n e l y  cracked sur face  i s  

produced. 

I t  may be necessary t o  wash w i t h  d i l u t e d  caus t i c  s o l u t i o n  t o  

insure  n e u t r a l i z a t i o n  o f  res idua l  a c i d  which, i f  not  removed, 

w i l l  consume some of the c u r i n g  agent, thereby, weakening the 

L A C A  uvou . . e p - - - c L  Gllycll. The SUCfdCB i s  then ready f o r  tne appi rcatioc 

o f  the adhesive. 

b. Preparat ion o f  Adhesive: The fo l l ow ing  m ix tu re  should be made as 

a c c u r a t e l y  as poss ib le :  One hundred p a r t s  by weight o f  Epon Adhesive s i x  t o  

approx imate ly  s i x  p a r t s  by weight of Ethylene Diamine o r  Epon Curing Agent A. 

This i s  s a t i s f i e d  by 6.8 grams o f  Epon s i x  t o  0.4 gram o f  e i t h e r  Ethylene Diamine 

o r  Epon Curing Agent A. 
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5 )  I n  order  t o  insure c o r r e c t  r a t i o s ,  i t  i s  suggested t h a t  exac t  

weighing be resor ted  t o  and t h a t  30 ml glass beakers be employed 

as mix ing receptacles w i t h  glass s t i r r i n g  rods. 

c .  A p p l i c a t i o n  o f  Adhesive 

6 )  A p p l i c a t i o n :  Spread a t h i n  layer  o f  adhesive evenly  on each o f  

the surfaces t o  be bonded and press together  g e n t l y .  Only con- 

t a c t  pressure i s  requi red.  The adhesive may be convenient ly  

a p p l i e d  w i t h  wooden a p p l i c a t o r s  s i m i l a r  t o  the metal t o o l s  

cus tomar i l y  used to  spread l ino leum mast ic.  F i n a l  spreading can 

be done w i t h  e i t h e r  a wooden paddle or a hand r o l l e r .  

7 )  Time: Par ts  should be assembled immediately a f t e r  spreading the  

adhesive as there are no v o l a t i l e  so lvents  present.  Excessive 

exposure o f  the spread adhesive may r e s u l t  i n  p a r t i a l  evaporat ion 

o f  the c u r i n g  agent and subsequently produce a weak bond. 

8 )  Quant i ty :  The q u a n t i t y  o f  adhesive requ i red  should be determined 

by t r i a l  as i t  depends t o  a considerable e x t e n t  upon the  complex- 

i t y  o f  the p a r t  being bonded. 

t o  0.04 inch produce no s i g n i f i c a n t  v a r i a t i o n s  i n  bond s t rength .  

I n  bonding s o f t  o r  absorpt ive woods, a s u f f i c i e n t  th ickness o f  

adhesive shou:c! be used t o  avoid excessive abrcjrpt lon of the 

uncured adhesive and reduc t ion  o f  the g ue l i n e .  The use o f  an 

unimpregnated c l o t h  o r  g lass f i b e r  c a r r  e r  i n  the  g lue  l i n e  can 

considerably  improve the s t rength  by un fo rmly  d i s t r i b u t i n g  the 

adhesive over the  area t o  be bonded, 

Glue l i n e  th icknesses o f  0.0005 

d. Cur ing: Curing may be accomplished a t  e i t h e r  o f  the f o l l o w i n g :  

Time 0 - Temp. F. 
165 2 hours 

200 45 minutes 



A t  room temperature, about 20% of the u l t i m a t e  s t reng th  i s  developed 

i n  e i g h t  hours. I n  most cases, t h i s  permi ts  removal o f  clamps used 

t o  ho ld  an assembly i n  pos i t i on .  Handling s t reng th  i s  developed i n  

about two days, and the maximum cure i s  ob ta inab le  a t  room ternpera- 

t u r e  i n  about s i x  days. Curing a t  room temperature r e s u l t s  i n  some 

embr i t t lement  and r e l a t i v e l y  poor, low temperature c h a r a c t e r i s t i c s .  

I f  heat i s  used i n  cur ing,  i t  i s  recommended t h a t  temperatures i n  

excess o f  240' F. not  be used, as the  t ime becomes c r i t i c a l  and an 

apprec iab le reduc t ion  in  the p r o p e r t i e s  o f  t he  bond may r e s u l t .  

NOTE: Ovens shouid be c a l i b r a t e d  t o  insure c o r r e c t  temperatures. 

e. Proper t ies :  Bond strengths as requ i red  may be obta ined by adherence 

t o  temperatures and t ime noted i n  t h e  preceding subsect ion d .  

5. Control  Measures 

No c o n t r o l  measures required, except s t r i c t  adherence t o  o u t l i n e d  pro- 

cedu re. 

B .  PROCESS FOR CEMENTING WITH THERMOSETTING RESIN 

1. Purpose 

The purpose of  t h i s  Standard Process S p e c i f i c a t i o n  i s  t o  e s t a b l i s h  the  

prnreduro a ~ d  .mteria! tg be used Ir: chtainIn3 a sat is factcry  !ion3 S e t ~ e e n  t ' n ; ~  

surfaces w i th  one type of thermosett ing res in .  

2. Apparatus and M a t e r i a l  

Bondmaster MA42 

Hardener - CH44, p lus  0.5% (by weight) ,  Fluorescein U.S.P. Dye. 

Both o f  the  above t o  be suppl ied by: Rubber and Asbestos Csrp. 
Bloomfield, New Jersey 

Bondmaster MA42 and CH44 s h a l l  be mixed by operator, p r i o r  t o  use, i n  

a weight r a t i o  o f  15 t o  1. 
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NOTE 1: The useful l i f e  of  the adhesive a f t e r  mix ing  i s  two t o  four hours. 

NOTE 2: 

and i n  the same way as i nd i ca ted  above. 

As a l te rna tes ,  the fo l l ow ing  m a t e r i a l s  may be used f o r  the same purpose 

a. Houghton Laboratory Hysol 2050 ResTn wi th  Hardener 

b. Furane P l a s t i c s ,  Inc., Epibond 102 w i t h  Hardener HN 951. 

I 3. General 

:a. F i t :  Pa r t s  should be c l o s e l y  f l t t e d  and the area t o  be bonded, 

masked, so t h a t  excess adhesive w i l l  not  be app l i ed  t o  unwanted areas. 

b. Cleaning: Areas t o  be bonded should be thoroughly  cleaned and d r i e d  

before app ly ing  adhesive. 

4. Procedure 

a. A p p l i c a t i o n  o f  Adhesive: Adhesive may be app l i ed  w i t h  a metal 

spreader, brushed, dipped, o r  r o l l e r  coated. 

surfaces, t he  so lvent  should be al lowed t o  evaporate 15 t o  30 minutes. 

surfaces should be clamped together so t h a t  there  i s  no r e l a t i v e  movement du r ing  

P r i o r  to j o i n i n g  adhesive coated 

Coated 

harden i ng . 
Excess adhesive should be cleaned from around the J o i n t s  before the r e s i n  

sets, by the care fu l  use o f  acetone or Toluo l .  

Adhesive conta iners  and spreading equigzetzt my 5 8  cleaned with acetone. 

b. Drying Time: I n  order t o  avoid runs, sags, and/or undue c a p i l l a r i t y ,  

a s e t  t ime o f  30 t o  90 minutes should be al lowed between f i n a l  a p p l i c a t i o n  of the 

adhesive and the t ime o f  p l a c i n g  the p a r t  i n  the c u r i n g  oven. 

c. 

du ra t i ons  : 

Cure: Cure may be obtafned a t  the f o l l o w i n g  temperatures and t ime 

150' F. t o  160' F. f o r  2 hours 

160' F. t o  170' F. f o r  1-1/2 hours 

180' F. t o  190' F. f o r  1 hour 

minimum 

minimum 

minimum. 

I f t h e  p a r t  i s  large, w i t h  considerable thermal I n e r t i a ,  the c u r i n g  t ime may 

have t o  be increased by approximately 15 m '  ... :. w t e s .  
12 



5 .  Control Measures 

The f luorescent  dye (Par. 2) incorporated i n  the hardener permi ts  v i s u a l  

inspec t ion  under b lack  l i g h t  for  purposes o f  d e t e c t i n g  adhesive contamination as 

on bear ing races, potent iometer  surfaces, e t c .  I t  a l s o  permi ts  the  de tec t i on  of 

the presence o f  s u f f i c i e n t  adhesive i n  requ i red  areas. 

C. PROCESS FOR CEMENT1 NG ELECTRON1 C BOARDS ( EPOXY GLASS FB BREI 
TO ANODIZED ALUMINUM FRAMES 

1. Purpose 

The purpose o f  t h i s  Standard Process S p e c i f i c a t i o n  i s  t o  set  f o r t h  

methods whereby cons is ten t  r e s u l t s  may be obta ined i n  cementing g lass  f i b r e  

boards t o  anodized aluminum frames. 

2. M a t e r i a l s  

a. A 2  cement K i t s  as made by Armstrong Products Company 

b. A c t i v a t o r  A Warsaw, Indiana 
Argonne Road 

3. General 

a. Care should be taken t o  on ly  mix enough ingred ien ts  t o  be used up 

i n  f i f t e e n  minutes a f t e r  which t ime the m ix tu re  ge ls  end cannot be used. 

b. M ix ing  r a t i o :  12 grams of A-2 

17 drops o f  a c t i v a t o r  A 

c.  curs: Three hcur-s ae, :GO F. 

4. A p p l i c a t i o n  

Clean p a r t s  t o  be assembled by  d ipp ing  o r  w ip ing  w i t h  Benzine, a l l o w  

t ime f o r  Benzine t o  evaporate, and apply adhesive t o  bo th  p a r t s  t o  be assembled 

w i t h  a brush o r  spatula,  Press p a r t s  together t o  squeeze excess m a t e r i a l  from 

j o i n t ,  b u t  do n o t  squeeze so hard as t o  remove a l l  of it. Excess m a t e r i a l  m y  

hn rm*\#=d 5.. I ..*$- w l ~ i l ~ ~  -- w i i h  Benzine o r  wf th  Methyl Ethy l  Ketone. 

NOTE: 

wi th  DuPont Pro-Tek hand cream. 

These m a t e r i a l s  .are tox i c ,  avo id  inhal  ing the  vapors. P ro tec t  the  hands 
I 

A f t e r  usinq, wash the hernds w i t h  a lcoho l  and then 

several  t imes w i t h  soap and water. I 13 



D. MIXTURE FOR ENCAPSULATION OF ELECTRONIC COMPONENTS 

I .  Parts by Weight: (Source: Jones Dabneyl) 

a. 100 grams Epi-Rez No. 510 

b. 100-150 grams quartz flour 

c. 20 grams Epi Cure No. 82 

2. General 

Pot 1 ife i s  approximately 23 minutes at room temperaRure. Sure': <?', 

time is four to eight hours at room temperature. 

temperature if cured in an oven. Warning,internal temperature is about 212 F. 

for 1/8" sectisns and as h igh as LW F. for 1/2" sections-heavier sections 

Do not exceed 140' F. oven 
0 

---o 

have a correspondingly higher temperature rise which could damage transistors. 

E. REPORT ON A THERMAL CONDUCTING THERM0 SETTING ENCAPSULATION COMPOUND 

1. Mix found to be Host Satisfactory 

Parts by Weight Suppl ier 

400 grams -atomized anodized Metals Disintegrating 
f a1 umi num powder Company, Inc. 

Resin + Emeryville, California 
70 grams - Epi-Rez No. 507 

'L- - 30 grams - Epi-Rez No. 510 

500 grams 

Jones Dabney 

-47.25 grams - hexahydropthal ic National Aniline 

5.25 grams - tetrahydropthalic National Aniline 

anhydride 

anhydride 

Yard mer 

'Aet%lsrator 3 grams - Syntex 3154 
2. Procedure 

Jones Dabney 

a. Mix the resins and aluminum powder together. It will be required to 

Degas at 30 cm heat to 150' F. to intimately mix the resin and aluminum powder. 

of mercury to remove entrained a i r .  
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b.  Mix the anh-ydcides i n  a separate conta iner .  I t w i l l  be requ i red  t o  

0 
heat t o  180 FI t o  mix these s ince  they are  s o l i d s  below t h i s  temperature. 

C. Mix r e s i n  m ix tu re  and anhydride mixtures together w h i l e  bo th  mixtures 

are  a t  180' F. S t i r  the two mix tu res  i n t ima te l y ,  add the Syntex and degas a t  

10 cm mercury. Cool t o  room temperature and use f o r  encapsulat ion o r  p lace  i n  

a r e f r i g e r a t o r  f o r  l a t e r  use. 

d. Pot l i f e  o f  b lend i s  approximately two weeks i n  the r e f r i g e r a t o r .  

e. Cure t ime i s  approximately s i x  t o  e i g h t  hours a t  212 F. 0 

F. PROCESS SPECIFICATION FOR A FLEXIBLE ENCAPSULATION 
COMPOUND (THERMOSETTING) FOR ELECTRONIC COMPONENTS 

1. Purpose 

The purpose o f  t h i s  s p e c i f i c a t i o n  i s  t o  p rov ide  a method o f  a t t a i n i n g  

cons is ten t  p r o p e r t i e s  when encapsulat ing e l e c t r o n i c  components. 

2. M a t e r i a l s  and Propor t ions  

a. 55 grams - Epi-Ret 507 - Jones Dabney Company 

b. 45 grams - Epi-Rez 510 - Jones Dabney Company 

C. 47.25 grams - Hexahydropthalic anhydride - National  A n i l i n e  

d. 5.25 grams - Pet rahydroptha l i c  anhydrlde - Nat iona l  A n i l i n e  

e. 3. grams - Syntex No. 3154 - Jones Dabney Company 

f. 3. yrams - Cata lys t  I'D" - She1 1 Chemical Company 

3. M i x i n g  

Blend' Epi-Rez 507 and Epi-Rez 510. Mix hexahydropthal i c  and te t rahydrop-  

t h a l i c  anhydrides and heat g e n t l y  t o  180' F. t o  me l t  the anhydrides. 

anhydrides t o  the 507 and 510 and blend in,  add the Syntex 3154; po t  l i f e  o f  t h i s  

Add the 

mix i s  about two weeks a t  room temperature, 

6:: u a r a i y s t  "D:: and blend in ,  

p o t  1 i f e  o f  about e i g h t  hours. 

A t  t ime of use, add the th ree  grams 

This mix, a f t e r  a d d i t i o n  of Cata lys t  "D" ,  has a 

15 



I. 

Be sure component boards are free of oils by washing i n  benzine, then, 

bake for ten minutes to remove all benzine. 

Apply mix to boards with either a brush or by dipping. 

Cure at 175' F. for four hours, 

Properties of cured resin should have the following properties: 

(approximated ) 

Physical Properties 

Tensile strength 2500 psi 
$ elongation 65  $ 
hardness (Shore A) 92 

$ ! ~ s c ,  ==inkt 3". a f t e r  aninn "3. " J  

water absorption 2 %  

24 hours at 300' F.  1.5s 

Electrical Properties 

Dielectric strength/mil 380 volts 
Dielectric constant/frequency 1 MC 3 0 7  

Power factor/frequency 1 MC .028 
Volume resistivity-CM. 5 x lo1' ohms 
Surface resistivity-CM. 10 x ohms 

16 



I 

APPENDIX I V  

ASSEMBLY AND ADJUSTMENT OF THE GIMBAL BEARINGS 

The b a l l  bear ings se lected for t h i s  a p p l i c a t i o n  are  the Barden Corp. 

Bearing Number SRlOSS6. Table 1 and Figure 1 represent the opera t ing  charac- 

t e r i s t i c s  o f  these bearings. 

F i  rs  t G imba 1 Second G i mba 1 T h i r d  Gimbal 

Max. Thrust  - lbs.  70 90 110 

Minimum Preload - lbs. 15 20 25 

Torque per  p a i r  grn-cm 

S t a r t i n g  5(? 

Running 25 

a t  max. t h r u s t  100 

--ma 
I L  

36 

120 

~~ ~ 

96 

48 

160 

Contact angle 
0 0 0 I n i t i a l  18.6 min; 24.7 mean; 31.8 max. 

Mounted 2 lo min; 28.3 mean; 34' max. 
0 

Table 1 -Bear ing  Charac ter is t i cs  o f  SRlOSS6 

acce 

bear 

The minimum pre load requirements a re  as shown i n  Table 1. The bear- 

ing  torque should remain less than 150 gm-crn throughout the operat ing range. 

Taking t h e  acce le ra t ion ,  shock, and v i b r a t i o n  environments i n t o  account, t h i s  

means t h a t  B t e s t  bench setiip caiinoi a i iuw d bear ing  torque o f  g rea ter  than 

50 gm-cms. This  i s  t r u e  because a t e s t  bench setup o n l y  experiences a x i a l  

e r a t i o n s  due t o  the bas ic  supported p la t fo rm weight. 

I n  consequence, the proper procedures for  the  assembly of the gimbal 

ngs must be capable of meeting these t w o  cond i t ions .  

The proper pre loading o f  a gimbal b a l l  bear ing i n  a system, as com- 

p l i c a t e d  as an i n e r t i a l  p la t form,  i s  a very tedious opera t ion .  The permiss ib le  

l a t i t u d e  i n  the SRlOSS6 bear ing a x i a l  preload d e f l e c t i o n  i s  of the order  of 
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t en  m i l l i o n t h s  o f  an inch. That i s  t o  say t h a t  a change o f  ten micro-inches i n  

the a x I a l  d e f l e c t i o n  w i l l  change the bear ing preload from 15 pounds to 13-1/2 

pounds. This w i l l  decrease the p o t e n t i a l  acce le ra t i on  support from 70 t o  64 

pounds, and a l s o  decrease the bear ing  torque 7 gm4ms. Roughly, t h i s  i s  a 

ten per  cent change o f  ope ra t i ng  cond i t ions ,  

To account f o r  a l l  the mechanical f a c t o r s  t h a t  can have o v e r a l l  

e f f e c t s  t h a t  a re  s i g n i f i c a n t  when compared t o  o n l y  ten micro-inches i s  a d i f f i -  

c u l t  problem. In a l l  r e a s o n a b i l i t y  i t  i s  impossible t o  account mathemat ica l ly  

f o r  a l l  f a c t o r s  down t o  t h i s  degree and, hence, any assembly procedure intended 

to set up the SRlOSS6 bear ing  i n  the VRU p la t fo rm w i l l  r e q u i r e  a design t o  

decrease a l l  system random va r iab les  to  below t h i s  ten micro-inch, t en  per  cent 

threshold.  

A reasonable assembly procedure t h a t  has proved e f f e c t i v e  i n  the pas t  

i s  t h a t  procedure used on the  Sergeant p l a t f o r m  and which i s  descr ibed i n  the 

JPL engineer ing repo r t  24421 o f  6/10/59. 

load shim thickness ( S ) ,  see Figure 2, by adding the two phys i ca l  dimensions, 

the a x i a l  step, C, and the race, t o  housing distance, D o  These dimensions were 

p h y s i c a l l y  measured du r ing  assembly and appropr ia te  c o r r e c t i v e  terms were added 

t o  account for the d i f f e r e n c e  between the bench se t  up condi tons 'and the p l a t -  

form opera t i ng  cond i t ions .  

The technique was t o  c a l c u l a t e  a pre- 

These c o r r e c t i v e  terms were: 

F =  

G -  

H -  

J =  

K =  

L -  

M -  

s =  

Bearing d e f l e c t i o n  f o r  des i red  preload. 

D e f l e c t i o n  due t o  weight o f  gimbal on lower bear ing w h i l e  
measuring C and D.  

Dimensional change due t o  d i f f e r e n t i a l  thermal expansion 
between gimbals caused by thermal g rad ien ts  across gimbals. 

Olffsrentlal axpans;on of au'jecetli girnbais due to p i a t i o r m  
ambient temperature changes. 

Cor rec t ion  f o r  d e f l e c t i o n  due t o  p r e v i o u s l y  preloaded a x i s  
being unloaded by loading o f  next ax i s ,  

A1 lowance f o r  preloadlng d e f l e c t i o n  o f  the ou te r  race and 
inner race gimbals. 

Cor rec t ion  f o r  change of i n t e r n a l  ax i s  preloads as p l a t f o r m  
changes from bench conditons t o  opera t ing  cond i t ions .  

S h i m  s i t e .  



The use of  equat ion (1 )  provides a s a t i s f a c t o r y  answer t o  the  assembly 

problem i f  the  va lue o f  the shim thickness ( S )  can be determined to  the  requ i red  

accuracy. 

to lerance bu i ldup c o n t r i b u t e d  by n ine  separate f a c t o r s .  

Study of  equat ion (1 )  ind ica tes  t h a t  the  shim s i t e  ha5 to  accept a 

AF Kb A s - 1 +  
KGi + KGo 

AS - - + to lerance on shim s i t e  inches 

Kb - Spring s t i f f n e s s  o f  bear ing 1bs. j inch 

KGi - Spr ing s t i f f n e s s  o f  inner  race gimbal lbs, /  

KGo = Spr ing s t i f f n e s s  of o u t e r  race gimbal 1bs. j  

AF = Change of bearin5 a x l a !  p r e ! m d  d=f!ectlsn 

nch 

nch 

nches 

Equation ( 2 )  ind ica tes  the  s u s c e p t a b i l i t y  o f  t h e  bear ing a x i a l  pre- 

load d e f l e c t i o n  t o  changes i n  shim s i t e .  Since the  average spr ing  constant 
5 

o f  the gimbals i s  about 3 x 10 lbs./ inch and the bear ing s t i f f n e s s  a t  normal 

preloads i s  about 0.8 x 10 lbs. / inch. Equation (1 )  becomes, 
5 

As = 1.133AF ( 3 )  

and i f  t h e  t e n  per  cent  p o i n t  o f  AF = ten  micro-inches i s  considered, then t h e  

shim s i z e  can o n l y  vary  + 1 1  micro-inches - a small value indeed. This 

impresses a s t r i n g e n t  requirement for  accuracy i n  g r i n d i n g  shims. Se lec t ion  o f  

the r i g h t  ones can probably  best be accomplished by a t r i a l - a n d - e r r o r  process 

us ing  shims made t o  the  best  p r a c t i c a b l e  to lerances. 

- 

Equation ( 1 )  i s  s t i l l  valuable as a f i r s t  apprcximation, I f  the 

r e s u l t s  der ived  from equat ion ( 1 )  can lead to  an i n i t i a l  bear ing assembly, t h a t  

a t  o p e r a t i n g  condi t ions,  w i l l  produce a p o s i t i v e  pre loading o f  the gimbal bear- 

ings, i t  w i l l  be poss ib le ,  through bear ing torque tes ts ,  t o  q u i t e  accura te ly  

determine what shim s i z e  w i l l  y i e l d  the c o r r e c t  preload. Hence, ignor ing  

assembly d i f f i c u l t i e s ,  o n l y  one t r i a l - a n d - e r r o r  at tempt would be necessary. I n  

o rder  t h a t  equat ion ( 1 )  be capable o f  p rov id ing  t h i s  type o f  a f i r s t  approxima- 

t i o n ,  i t  w i l l  be necessary to determine S t o  w i t h i n  about - + 250 micro-inches. 

I f  t h i s  i s  t o  be done by an a d d i t i o n  o f  n ine  separate measurements, each measure- 

ment should i d e a l l y  have an i n d i v i d u a l  accuracy o f  28 micro-inches (50 
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micro-inches would probably  work reasonably w e l l ) .  

reason and can be produced w i t h  good shop and inspect ion prac t ices .  

This to lerance i s  w i t h i n  

In  conclusion, t h e  recomnended procedure f o r  assembly o f  the VRU 

p la t form,  w i t h  the SRloSS6 gimbal bearing, i s  t o  c a l c u l a t e  a shim s i z e  based 

upon assembly measurements, bear ing and gimbal experimental data, and 

equat ion ( 1 ) .  Upon assembly of  each gimbal, i t  w i l l  be necessary t o  induce the 

opera t ing  cond i t ions  o f  temperature and pre load so t h a t  bear ing torque measure- 

ments can be taken t o  i n d i c a t e  the cor rec t ions  necessary for proper assembly. 

I n  t h i s  manner a p la t fo rm can be b u i l t  up so t h a t  once f u l l y  assembled, a f t e r  

one t r ia land-error .se1ect ion of proper shims, there w i l l  be no need for f u r t h e r  

disassembly because of improper bear ing preloads, 

I t  i s  t o  be noted t h a t  the assembly must be brought t o  opera t ing  

temperatures before torque t e s t s  a re  made. 

because bench assembly o f  the p l a t f o r m  w i l l  always r e s u l t  i n  a loose bear ing 

assembly ( p l a y  o f  .001 t o  .002 inches). The design o f  the t e s t  and assembly 

equipment t o  do t h i s  j o b  was not  completed a t  the t ime o f  te rmina t ion  o f  the  

p r o j e c t .  

This w i l l  always be necessary 

Apart  from the  problems of bear ing assembly i s  the  e f f e c t  o f  bear ing 

misal ignments on pre load and cbnsequently of p l a t f o r m  performance. 

shows t h a t  there is no experimental way of determining what the misalignment o f  

Analys is  

t h e  bear ings i s  a f t e r  assembly. These e f fec  

a degradat ion o f  the e f f e c t i v e  accelerat ion,  

the  p la t fo rm.  

Se lec t ion  o f  a nominal bear ing p r e  

jirst enccgh a x i a l  bear ing d e f i e c t i o n  so t h a t  

s can be s i g n i f i c a n t  and appear as 

v i b r a t i o n ,  and shock c a p a b i l i t y  o f  

oad i s  accomplished by inducing 

when one bear ing c a r r i e s  the 

e n t i r e  a c c e l e r a t i o n  load the o ther  bear ing i s  o n l y  l i g h t l y  loaded. I t  i s  t h i s  

l i g h t  r e s i d u a l  load t h a t  prevents any of  the  bear ing b a l l s  from coming unseated 

and r u i n i n g  the  bear ing by b r i n n e l i n g .  

When bear ing misal ignments are introduced by c o n c e n t r i c i t y  and 

p a r a l l e l i s m  tolerances o f  the bear ing mountings, the end r e s u l t  i s  an uneven 

loading o f  the  b a l l s  i n  the bear ing.  Under a x i a l  accelerat ions,  t h i s  uneven 

load ing  w i l l  cause a p o r t i o n  o f  the  bear ing race t o  f ree  a b a l l  sooner than 

._,-.. WUUIU I J be t h e  case i f  the  misalignment d i d  no t  e x i s t .  The degree o f  bear ing 



performance degradation is statistical in nature but a reasonable approximation 

to the mean can be obtained by use of equation (4). 

H 3 hs - m i  ( 4 )  

h - Maximum allowable axial preload deflection change 

h = Allowable axial preload deflection change if misalign- 

Ri = 

without bearing brinneling. 

ments did not exist. 
Pitch radius of the bearing. 

S 

a = Net average angular misalignment of the bearing inner 
race to the bearing outer race due to misalignments. 

For the VRU platform the angle a can be estimated as -000233 radian, 
average sum of the angular parallelism tolerance of . O D P t  In  ten inches 

(.0002 radians) and the concentricity to tolerance of .002" in approximately 
7-1/2 inches ( .000267 radians) a 

This is the 

Since the average preload of 15 pounds corresponds to an axial pre- 
load deflection o f  about .0003 inches (h ) equation (4) indicates a value of h: S 

h - .0003 - (.000233)(.500) 
= .Q00184 inches 

This is an effective degradation of acceleration, vibration, and 
shock support of 25 pounds or, in effect, a decrease of maximum support from 

70 pounds to 45 pounds. This is a significant reduction. To compensate for 
this, it would be necessary to increase the basic preload from 15 pounds to 
about 27 pounds (the other gimbal preloads would also be increased proportion- 
ately). 
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